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(54) Catalyst support and catalyst and process for producing the same from a water in oil type 
emulsion 



(57) A catalyst support, a catalyst using the catalyst 
support and a process for producing the same are dis- 
closed. For instance, the catalyst support includes a 
composite oxide powder produced by spraying and 
burning a W/O type emulsion, the W/O type emulsion 
including an aqueous solution dispersed in an organic 
solvent, the aqueous solution containing aluminum as 
a major component and at least one co-metallic element 
in addition to the aluminum. Thus, the catalyst support 
can be produced less expensively without using any ex- 
pensive alkoxtde. Further, due to the spraying and burn- 



ing, the composite oxide powder is composed of porous 
hollow particles which have a very thin shell thickness 
o1 dozens of nanometers, and makes the catalyst sup- 
port which is amorphous and exhibits a large specific 
surface area. Hence, the catalyst support can maintain 
the large specific surface area even after a high-temper- 
ature durability test. Furthermore, the composite oxide 
powder includes the co-metallic element which is com- 
posited in such a highly dispersed manner that the ag- 
glomerated sulfates are less likely to be produced. 
Therefore, the catalyst support is inhibited from being 
poisoned by sulfur. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



[0001] The present invention relates to a high heat-resistant catalyst support which is used in an exhaust-gas-puri- 
fying catalyst, a catalyst which uses the catalyst support, and a process for producing the same. 



io Description of the Related Art 



[0002] For instance, Japanese Unexamined Patent Publication (KOKAI) No. 7-075,735 discloses a catalyst support. 
The catalyst support is composed of amorphous alumina as a major component, and contains an NO,, storage element 
which is composed ol an alkali metal, an alkaline-earth metal or a rare-earth element. According to the publication, m 
the support the alumina and the NO x storage element do not form stable compounds in a temperature range where 
the amorphous alumina does not crystallize. Consequently, the catalyst support is inhibited from exhibiting a decreased 
NO storage ability. Further, since the VO x storage element can be mixed in the amorphous alumina in a highly dispersed 
manner the sulfates are less likely to grow, granularly even when the VO x storage element reacts with sulfuric oxides 
to produce the sulfates. Thus, the decrease in the NO x storage ability (i.e., the sulfur poisoning), which is caused by 
the granular growth of the sulfates, is less likely to occur. Furthermore, since the generated sulfates are very fine, they 
are likely to be reduced in a reducing atmosphere. Hence, the catalyst support has an advantage in that the NO,, 
storage ability of the NO x storage element can be recovered. ' 
[00031 The aforementioned catalyst support is produced by a sol-gel method in which an alkox.de is used as a raw 
material However, since the alkoxide is expensive, the resulting catalyst support is expensive as well. Further, since 
2B the support powder, which is prepared by the sol-gel method, is constituted by fine particles, there might arise a pos- 
sibility that the catalyst support exhibits a reduced specific surface area by granular growth when it is used at elevated 
temperatures exceeding 1,000 °C. 



SUMMARY OF THE INVENTION 



[0004] The present invention has been developed in view of the aforementioned circumstances. It is therefore an 
object of the present invention to provide a catalyst support, which can be produced without using an alkox.de, which 
is less expensive and which is good in heat resistance, and a catalyst which uses the catalyst support. 
r00051 A first aspect of the present invention is a catalyst support, comprising. 
35 " a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emuls.on 
including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a major 
component and at least one co-metallic element in addition to the aluminum. 

roooei In the catalyst support, the co-metallic element can preferably be at least one member selected from the 
group consisting of alkaline^earth metals and rare-earth elements. Moreover, magnesium can preferably be excluded. 

40 100071 A second aspect of the present invention is a first catalyst, comprising: - • 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a major 
component and a noble metal element. 

r0OO8] A third aspect of the present invention is a second catalyst, comprising: 

45 a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 

including an aqueous solution dispersed in -an organic solvent, the aqueous solution containing aluminum as a major 
component at least one co-metallic element selected from the group consisting of elements of group lia in the periodic 
table of the elements, elements of group Hla therein, elements of group IVa therein, elements of group Va therein, 
elements of group Via therein, elements of group Vita therein, elements of group lib therein..Ga, Si. Ge and Sn. and 

so a noble metal element. 

[0O09] A fourth aspect of the present invention is a third catalyst, comprising: 
a catalyst support including: 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion in- 
55 eluding an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a major 

component and at least one co-metallic element selected from the group consisting of elements of group Ha in the 
periodic table of the elements, elements of group Ilia therein, elements of group l\fe therein, elements of group Va 
therein elements of group Via therein, elements of group Vila therein, elements of group llb.therein, Ga, Si, Ge 
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and Sn; and 

a noble metal loaded on ihe catalyst support. 



[0010] A fitth aspect o1 the present invention is a fourth catalyst, comprising: 
5 a catalyst support including 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion in- 
cluding an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a major 
component and at least one co-metallic element in addition to the aluminum; and 
io a structure, loaded on the catalyst support, in which a noble metal is loaded on at least one member selected from 

the group consisting ot strontium oxide and barium oxide. 

[0011] In the fourth catalyst., the co-metallic element can preferably be at least one member selected from the group 
consisting of alkaline-earth metals. 
75 [001 2] A sixth aspect of the present invention is a process for producing the catalyst support, comprising the steps ot: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 
containing aluminum as a major component and at least one co-metallic element in addition to the aluminum; and 
spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 
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[00131 in the production process, the co-metallic element can preferably be at least one member selected Irom the 
group consisting of alkaline-earth metals and rare-earth elements. Moreover, magnesium can preferably be excluded. ■ 
[0014] A seventh aspect of the present invention is a process for producing the first catalyst, comprising the steps: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 
containing aluminum as a major component and a noble metal element; and 
spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 

[001 5] An eighth aspect of the present invention is a process for producing the second catalyst, comprising the steps: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 
containing aluminum as a major component, at least one co-metallic element selected from the group consisting 
of elements of group Ela in the periodic table of the elements, elements of group lila therein, elements of group 
I va therein, elements of group va therein, elements of group Via therein, elements of group Vila therein, elements 
35 of group lib therein, Ga, Si, Ge and Sn. and a noble metal element; and 

spraying and burning the W/O type emulsion, thereby forming a composite oxide powder 

[0016] A ninth aspect of the present invention is a process for producing the third catalyst, comprising the steps: 

40 preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 

containing aluminum as a major component and at least one co-metallic element selected from the group consisting 
of elements ot group lla in the periodic table of the elements, elements of group lila therein, elements of group IVa 
therein, elements of group Va therein, elements of group Via therein, elements of group Vila therein,- elements of 
group lib therein, Ga, Si. Ge and Sn; 

45 spraying and burning the W/O type emulsion, thereby forming a composite oxide powder; and 

loading a noble metal on the composite oxide powder. 

[0017] The loading ol the noble metal can preferably be carried out without using water for diluting a noble-metal 
chemical liquid, but by using an organic solvent such as alcohol. 
so [0016] A tenth aspect of the present invention is a process for producing the fourth catalyst, comprising the steps: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 
containing aluminum as a major component and at least one co-metallic element in addition to the aluminum; 
spraying and burning the W/O type emulsion, thereby forming a composite oxide powder; 
55 preparing a structure in which a noble metal is loaded on at least one member selected from the group consisting 

of strontium oxide and barium oxide; and 
loading the structure on the composite oxide powder. 
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[OOI 9) In the production process ol the fourth catalyst, the co-metallic element can prelerably be at least one member 
selected from the group consisting of alkaline-earth metals. 

[0020] Thus, the catalyst support andthe catalysts according tothe present invention can be synthesized at a reduced 

cost and are less expensive, because no alkoxide is used. 
5 [0021] Since the cataiyst support and the catalysts according tothe present invention are synthesized by the spraying 

and burning method of the W/O type emulsion, the particle diameters of the dispersions in the emulsion can be enlarged 

to a certain extent. Accordingly, the resulting composite oxide powder can be hollow. As a result, even when the particle 

diameters of the catalyst support and the catalysts are large, it is possible to achieve a high specific surface area. 

Since the primary particle diameters are large, the catalyst support and the catalysts are less likely to grow granularly 
io at elevated temperatures. Thus, even after a high-temperature durability test, the catalyst support and the catalysts 

can maintain their high activities. 

[0022] Further, in the spraying and burning method of the W/O type emulsion, a mixture solution, in which two or 
more metallic elements are mixed, is turned into an amorphous composite oxide in a short period of time. Accordingly, 
the two or more metallic elements exist in a highly dispersed manner, and are highly stabilized. When a noble metal 
15 is composited in the amorphous composite oxide, the noble metal exists in a highly dispersed manner, and is inhibited 
from growing granularly at elevated temperatures. In addition, the dispersibirty of the noble metal can be further im- 
proved by compositing the co-metallic element. Consequently, even after a durability test, the catalyst support and the 
catalysts can maintain their high purifying activities. 

[0023] Furthermore, when the alkaline-earth metals or the rare-earth elements are used as the co-metallic element, 
so they exist in a highly dispersed manner. Accordingly, even if they are subjected to the sulfur poisoning, they are less 
likely to be turned into agglomerated sulfates. Namely, since the catalyst support and the catalysts are inhibited from 
being poisoned by sulfur, they are good in their durability in terms of the NO x storage ability and the NO x purifying 

performance^ 

[0024] Moreover, when the catalyst support according to the present invention is loaded with the structure according 
25 to the present invention, the catalyst support and the structure are less likely to react with each other. Consequently, 
they make the fourth catalyst which is stable at elevated temperatures. Namely, the fourth catalyst is good in the heat 
resistance. 



30 



BRIEF DESCRIPTION OF THE DRAWING 



[0025] A more complete appreciation of the present invention and many of its advantages will be readily obtained 
as the same becomes better understood by reference to the following detailed description when considered in con- 
nection with the accompanying drawing and detailed specification, all of which forms a part of the disclosure : 
[0026] Fig. 1 is a graph for illustrating the relationships between the heat treatment temperatures of the powders of 
35 Example No. 1, Example No. 2 and Reference Example and specific surface areas exhibited by the same. 
[0027] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] Having generally described the present invention, a further understanding can be obtained by reference to 
the specific preferred embodiments which are provided herein for the purpose of illustration only and not intended to 
limit the scope of the appended claims. 

40 [0029] In the spraying and burning method of the W/O type emulsion employed by the present production process, 
a particle diameter of the respective dispersion particles (e.g., from a couple of nanometers to a couple of micrometers) 
in the emulsion is the size of a reaction field. Namely, in the sprayed mist, the dispersion particles in the emulsion are 
atomized particles which are composed of water phase and are covered by an oil film including the organic solvent. 
When the sprayed mist is once ignited, the combustion of the oil film is induced. Due to the resulting heat generation, 

45 the atomized particles are exposed to elevated temperatures, the metals in the water phase of the atomized particles 
are oxidized to produce the composite oxide powder. Since the atomized particles are very fine, It is possible to inhibit 
generating heat distributions among the respective particles. Thus, the homogeneous composite oxide powder can be 
prepared. In addition, the amorphous composite oxide powder can be produced with ease.. 

[0030] When the dispersion particles of the W/O type emulsion contain aluminum as a major component, porous 
so hollow particles are likely to be formed by the spray combustion. The hollow particles have a shell thickness of dozens 
of nanometers which are very thin. At present, the causes are not clear. However, it is assumed as follows. Since the 
superficial oxide film forming rate of aluminum ions is last, the superficial oxide film is formed on the surface of the 
particles at an early stage of the particle contraction. As a result, the porous hollow particles having a very thin thickness 
are prepared. 

55 [0031] In the spraying and burning of the W/O type emulsion, the diameter of the respective dispersion diameter is 
the size of the respective reaction fields as set forth above. When the diameter of the dispersion particles in the emulsion 
is smaller than 100 nm. the particles are contracted completely before the superficial oxide film is formed so that they 
do not make the hollow particles. Thus, such a small diameter is not preferable. When the diameter of the dispersion 
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□articles is more than lOiim, the reactions lields are so large that there arises a possibility that the resulting particles 
become inhomogeneous. Thus, such a large diameter is no, pre.erab.e. When the diameter of the disperse panic.es 
falls in the range of from 100 nm to 10 urn. the outside particle diameter of the part.cles of the resulting compos.te 
oxide Dowder falls in the range of from 20 to 5,000 nm, further preferably from 20 to 2,000 nm. 
s Zfi? The SSZLn temperature can preterab.y fal. in the range of 900 -C o, less, further preferably from 650 to 
Loo °C When the combustion temperature exceeds 900 »C. a part of the products grow granulariy o turn into a 
crystallite powder and the specific surface area of the products decreases. In addition, the resulting alumina reacts 
She NO, storage element to produce stable compounds so that the purifying performance of the resulting compos.te 

„ ^sr^^^^^^^ ^ icies h the w/o type emu,sion can pre,e H ab,y ,an in the ; a r 9e a of 'e 

K to 2 mol/L by metallic conversion. When the concentration falls outside the range, the d 1S pers.on particles are less 
likely to make the hollow composile oxide powder. 

[0034] According to this production process, no alkoxide is used, but less expensive metallic salts can be used. 
Consequently, the amorphous composite oxide, powder can be produced less expensively 

rOMS] The present catalyst support is a composite oxide support which is produced by the present production proc- 
ess which comprises the steps of: preparing a W/O type emulsion including an aqueous solut.on °«persed in ^ organ c 
solvent the aqueous solution containing aluminum as a major component and at least one ccMnetalhc element in 
addition to the aluminum; and spraying and burning the W/O type emulsion, thereby forming acomposite ox.de powder 
- f00361 The composite oxide powder can preferably be hollow particles. With this arrangement, the composite ox.de 
: powder makes a catalyst support having a high specific surface area. Thus, when the composite ox.de powder .s made 
Tmoa caTalyst the activity is improved remarkably. The outside particle diameter of thecompo S .te ox.de powder can 
■ prSeraS '2 in the range of from 20 to 5.000 nm. further preterab.y from 20 to 2,000 nm. When the outs.de part.cle. 

diameter is smaller than 20 nm, the hollow does not exist i n the part icles. Whilst, it is impossible to produce a powder 
' " whoselutside particle diameter exceeds s.OOfTnm by the pTeienrproducflori process. Accord. ng to the present pro- 
duction process it is easy to produce the hollow composite oxide powder which has an outs.de P art.cle d.ameter falling 

io03^ ran The aforementioned composite oxide powder can contain a crystalline portion, but can preferably be amor- 
phous With this arrangement, when the composite oxide powder is made into a catalyst conta.mng an I ^ 
element it is suppressed to generate stable compounds cooperatively with the NO, storage element. Thus, the NO, 

30 storaae ability is inhibited 1rom decreasing. 

S The aforementioned composile oxide powder is good in heat resistance. Namely, the present ca a.yst support 
Loes not vary the specific surface area by a heat treatment which is carried out at 1 ,100 °C or less. In add.t.on « 
malnlaSs me amorphous structure. These advantages are closely related to the arrangement that ,t ,s formed as hollow 
^S^SSS*. when one tries to prepare a powder which is formed as solid particles, wh.ch has a specie 
surface area of 50 m*/g or more and which contains alumina as a major component, r. .s necessary to ad ust a pr.mary 
S d ame eVto about 30 nm or less. In general, since small particles are highly actwe. they are likely to grow 
granutfy aTe leveled temperatures. On the other hand, the aforementioned composite oxide powder can be made 
fnTo hS ow particles which have a very thin thickness. Accordingly, even when the composrte ox.de powder has a 
particle diameter of hundreds nanometers or more, it can have a specific surface area of 50 m*/g or more. Despite the 
spSic suTace area, the composite oxide powder has a large particle diameter, and produces an advantage .n that it 

i S 0039] "XSZZ SSSdon* composite oxide powder has both of the high specific surface area of 50 r^g or 
Lore and the high heat resistance simultaneously. Thus, it exhibits sufficient performance as a ■ ca ' a,ys ^" p P 0 ^ h < T 
the specific surface area is less than 50 m*/g. it might exhibit insufficient performance as a catalyst support eometmee 
K3T The cTn^taHic element in the present catalyst support is no, limrted in particular. Any element can be used 
aster as it acts favorably when it is composited with the alumina which is made from alum.num. For example, the co- 
meta lie e ement can be at least one metallic element selected from the group consist.ng of elements of group Ma n 
Z ^™1™ .he e.ements, elements of group ..la therein, e.ements of group IN* therein, elements of group Va 
ner^n elements of group Via therein, elements of group Vila therein, e.ements of group .lb therein. Ga S.. Ge and 
Sn WhenTzr or Si is used out of these metallic elements, a porous composite support, .n wh.ch T. Zr or S. ,s 
composited with the alumina, can be formed. Further, it is preferable to select at leas, one co-metal..c elemen from 
thTSup consisting of alkaline-earth metals and rare-earth element Since alkali metals, alkal.ne-earth metals and 
are earth elements adsorb NO,, they are needed in NO, storage-and-decomposition type catalysts. However, s.nce 
^."1^ aTe likely to move oy a heat treatment, alkali me,a,s have a problem in view of the hea, resistance. Add, 
Uonally. Mg has a smaller ion radius in alkaline-earth metals, and accordingly has a problem ,n v.ew of the heat res.st- 
ance Therefore, in the present invention, it is preferable not to use Mg. 

rail The present catalyst support is produced by spraying and burning the W/O type emulsrcn. and employs a 
metallic salt as a raw malerial. hence, it is less expensive than conventional amorphous catalyst supports. 



35 



40 



AS 



5 



BNSOOCID: «6P. 



.09401 76A2J_> 



EP 0 940 176 A2 



[0042] The first catalyst of the present invention is a composite oxide powder which is produced by the present 
production step which comprises the steps of: preparing a W/O type emulsion including an aqueous solution dispersed 
in an organic solvent, the aqueous solution containing aluminum as a major component and a noble metal element, 
and spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 

5 [0043] This composite oxide powder is formed by compositing the alumina and the noble metal. The noble metal • 
effects the catalytic action. Similarly to the aforementioned catalyst support, this composite oxide powder can preferably 
be amorphous and hollow. With this arrangement, it has a high specific surface area, and accordingly is highly active. 
In addition, it is inhibited from exhibiting a reduced specific surface area even at elevated temperatures. Consequently, 
the noble metal is suppressed to grow granularly, and has an improved durability. Still, since the noble metal is held 

10 in the alumina in a highly dispersed manner, it has a high activity, and is inhibited from growing granularly. 

[0044] The noble metal employed herein can be at least one member selected from the group consisting of Pt, Rh, 
Pd, Ir and Ru. 

[0045] The second catalyst of the present invention is a composite oxide powder which is produced by the present 
production process which comprises the steps of: preparing a W/O type emulsion including an aqueous solution dis- 

is persed in an organic solvent, the aqueous solution containing aluminum as a major component, at least one co-metallic 
element selected from the group consisting of elements of group I la in the periodic table of the elements, elements of 
group Ilia therein, elements of group IVa therein, elements of group Va therein, elements of group Via therein, elements 
of group Vila therein, elements of group lib therein, Ga, Si, Ge and Sn, and a noble metal element; and spraying and 
burning the W/O type emulsion, thereby forming a composite oxide powder. 

20 [0046] This composite oxide powder is formed by compositing at least three elements, the aluminum, the co-metallic 
element and the noble metal. When the co-metallic element is. tor example, an alkaline-earth metal or a rare-earth 
element, it effects the NO x storage ability. The noble metal effects the catalytic activity. Since the alkaline-earth metal 
or the rare-earth element, used as the cojmetajlic element, is dispersed highly in the composite oxide powder in an 
atomic manner, it is less likely to be turned into agglomerated sulfates. Accordingly, the composite oxide powder can 

25 make an NO x storage-and-decomposition type catalyst which is inhibited from being poisoned by sulfur and which is 
good in the durability. Thus, the second catalyst is very useful as an NO x storage-and-decomposition type catalyst. 
[0O47] Similarly to the aforementioned catalyst support, this composite oxide powder can preferably be amorphous 
and hollow, and can preferably have an outside particle diameter falling in the range of from 20 to 5,000 nm, further 
preferably from 20 to 2,000 urn. With these arrangements, it has a high specific surface area, and accordingly is highly 

30 active. In addition, it is inhibited from exhibiting a reduced specific surface area even at elevated temperatures. Con- 
sequently, the noble metal is suppressed to grow granularly. and has an improved durability. 

[0048] Moreover, there arises another advantage that the dispersion stability of the noble metal is enhanced by 
compositing the co-metallic element with the noble metal. The noble metal employed herein can be at least one member 
selected from the group consisting of Pt, Rh, Pd, Ir and Ru. 

35 [0049] The third catalyst of the present invention is a composite oxide powder which is produced by the present 
production process which comprises the steps of: preparing a W/O type emulsion including an aqueous solution dis- 
persed in an organic solvent, the aqueous solution containing aluminum as a major component and at least one co- 
metallic element selected from the group consisting of elements of group I la in the periodic table of the elements, 
elements of group Mia therein, elements of group IVa therein, elements of group Va therein, elements of group Via 

40 therein, elements of group-Vila therein, elements of group lib therein, Ga, Si,-Ge and Sn; spraying and burning the W/ 
Otype emulsion, thereby lorming a composite oxide powder; and loading a noble metal on the composite oxide powder. 
[0050] This composite oxide powder is formed by compositing the aluminum and the co-metallic element, and is 
loaded with -the noble metal. When the co-metallic element is, for example, an alkaline-earth metal or a rare-earth 
element, it effects the NO x storage ability The noble metal effects the catalytic activity Thus, the third catalyst is useful 

45 as an NO x storage-and-decomposition type catalyst. Similarly to the aforementioned catalyst support, this composite 
oxide powder can preferably be amorphous and hollow, and can have an outside particle diameter falling in the range 
of from 20 to 5,000 nm, further preferably from 20 to 2,000 nm. With these arrangements, it has a high specific surface 
area, and accordingly is highly active. In addition, it is inhibited from exhibiting a reduced specific surface area even 
at elevated temperatures. Consequently, the noble metal is suppressed to grow granularly, and has an improved du- 

so . rability. 

[0051] When the alkaline-earth metal or the rare-earth element is used as the co-metalltc element, rt is dispersed 
highly in the composite oxide powder in an atomic manner, it is less likely to be turned into agglomerated sulfates. 
Accordingly, the composite oxide powder can make an NO x storage-and-decomposition type catalyst which is inhibited 
from being poisoned by sulfur and which is good in the durability. 
ss [0052] The noble metal employed herein can be at least one member selected from the group consisting of Pt, Rh, 
Pd, Ir and Ru. 

[0053] Note that, when the noble metal is loaded on the composite oxide powder, it is preferable not to use water 
for diluting a noble-metal chemical liquid, but to use an organic solvent, such as alcohol. When water is used, there 
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might arise a case where the water soluble components in the composite oxide powder elute out to destroy the hollow 
structure. 

[0054] The fourth catalyst oi the present invention comprises: a catalyst support including: a composite oxide powder 
produced by spraying and burning a W/O type emulsion, the W/O type emulsion including, an aqueous solution dis- 

s persed in an organ ic "solvent, the aqueous solution containing aluminum as a major component and ai least one co- 
metallic element in addition to the aluminum; and a structure, loaded on said catalyst support, in which a noble metal 
is loaded on at least one member selected from the group consisting of strontium oxide and barium oxide. 
[0055] The catalyst support is identical with the aforementioned catalyst support of the present invention. One of the 
major features of the fourth catalyst lies in that the structure is loaded on the aforementioned catalyst support. 

10 [0056] The structure is made by loading the noble metal on at least one of the strontium oxide and the barium oxide. 
In the structure, the ions or the clusters of the loaded noble -metal are extremely stable even at a high temperature of 
1 ,000 *C, and exist stably as particles having a particle diameter of 1 0 nm or less. The cata lyst support and the structure 
are less likely to react with each other. Accordingly, the fourth catalyst of the present invention is extremely good in 
the durability, because the structure is loaded stab!y on the catalyst support even after the fourth catalyst is subjected 

75 to a durability test at 1 ,000 °C, and because the noble metal is suppressed to grow granuiarly. 

[0057] In the fourth catalyst, the co-metallic element in the catalyst support can especially preferably be one of 
alkaline-earth metals. With this arrangement, since the affinity between the catalyst support and the structure is en- 
hanced, the loading stability of the structure is improved. However, the catalyst support and the structure are less likely 
to react'with each other. Moreover, since the alkaline-earth metal, used as the co-metallic element, is highly dispersed 

20 in the catalyst support in an atomic manner, it is less likely to be turned into agglomerated sulfates. Accordingly, the 
fourth catalyst can make an NO x storage-and-decomposition type catalyst which is inhibited from being poisoned by 
sulfur and which is good in the durability. The noble metal employed herein can be at least one member selected from 
the group consisting of Pt, Bh, Pd, Ir and Ru. 
~ [0058] As set forth in specific examples described below, the structure can be easily loaded on the catalyst support 

25 by forming the structure in the presence of the catalyst -support powder. 

[0059] In the aforementioned catalyst support and the four catalysts, the amount of the co-metallic element can 
preferably fall in the range of from 5 to 50 mol wrth respect to 100 mol of the aluminum. The amount of the noble metal 
can preferably fall in the range of from 0.5 to 5 g with respect to 1 00 g of the composite oxide powder. When the amount 
of the cb-metallic element is too less, the benefits resulting from the compositing cannot be obtained; and when it is 

30 too much, the catalytic activity degrades. Whilst, when the amount of the noble metal is too less, the catalytic activity 
degrades and when it is too much, the catalytic activity saturates and the excessive noble metal is wasted. 
[0060] The raw materials of the respective metallic elements used in the present production process can be salts. 
For instance, the salts can be water-soluble metallic salts, such as metallic nitrates, metallic acetates, metallic sulfates 
and metallic chlorides, or complex salts. 

35 [0061] The W/O emulsion can be formed by stifling the organic solvent and an aqueous solution of the alorementioned 
metallic salts by a way of a dispersant. The organic solvent used herein can be an organic solvent, such as hexane, 
octane kerosene and gasoline, which can form the W/O emulsion together with the aqueous solution. 
[0062] The types of the used dispersant herein and the addition amount of the same are not limited in particular. For 
example any one of cationic surfactants, anionic surfactants and nonionic surfactants can be used. Depending on the 

40 types of the aqueous solution and the organic solvent and on the particle diameter ofthe dispersion_particles in the 
required emulsion, it is possible to vary the types and the addition amount of the dispersant. 

[0063] In the method of spraying and burning the W/O emulsion, the composite oxide can be synthesized directly 
out of the solution containing the metallic salts. Hence," no alkoxide raw materials are required contrary to the sol-gel 
method Moreover, no subsequent processes, such as drying, calcining and pulverizing, are required. The composite 
45 oxide can be produced by a simplified process at a low cost, In addition, the amorphous hollow particles can be formed 
with case. 

[0064] Concerning the atmosphere in which the W/O emulsion is sprayed and burned, it is npt limited in particular. 
However when there is nol enough oxygen, there might arise a fear for residing the carbon components of the organic 
solvent in the resulting composite oxide powder because of the incomplete combustion. Therefore, rt is preferable to 

so supply oxygen (or air) in such an amount that the organic solvent can undergo the complete combustion. 

[0065] Depending on the shell thickness, the hollow particles obtained by the present invention have a specific sur- 
face area which is from 5 to 10 times or more of that of spherical solid particles. Hence, compared with solid particles 
having the same specific surface area, the hollow particles have the large outside particle diameter, and can be readily 
dealt with Thus, they are uselul to make a catalyst support or a catalyst for purifying an exhaust gas. 

55 [0066] The present invention will be hereinafter described in detail with reference to the following specific examples. 
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Example No. i 

[0067] A 0 01 to 2 mol/L alum.num nitrate aqueous solution and a 0.01 to 0.3 mol/l barium nitrate aqueous solution 
were mixed in predetermined amounts so that the molar ratio ol the aluminum to the barium was Al/Ba = 12/1. The 
5 aluminum nitrate aqueous solution was prepared by dissolving commercially available aluminum nitrate (AI(N0 3 ) 3 • 
9H 2 0) into deionized water. The barium nitrate aqueous solution was prepared by dissolving commerc.ally available 
barium nitrate into deionized water. A water phase was thus prepared. As the organic solvent, commercially available 

kerosene was used. _ 

[0068] As the dispersant. "SUN SOFT No. 81 8H" made by Taiyo Kagaku Co., Ltd. was used. The addition amount 

10 of the dispersant fell in the range of from 5 to 10% by weight with respect to the kerosene. The kerosene containing 
the dispersant made an oil phase. The water phase and the oil phase were mixed so that the ratio of the water phase 
to the oil phase fellin the range of from 40 to 70% by volume to 60 to 30% by volume (i.e., (water phase)/(o.l phase) 
= (40-70% by volume)/(60-30% by volume)). The mixture solution was stirred by. using a homogenizer at a revolving 
speed of from 1 000 to 20.000 rpm for from 5 to 30 minutes. A W/O type emulsion was thus prepared. According to 

is the result of an observation using an optical microscope, the particle diameter of the dispersion particles in the emulsion 
fell in the range of from about 1 to 2 urn. .. . . . 

T0069] The resulting W/O type emulsion was sprayed by using an emulsion-burning reactor which is disclosed n 
Japanese Unexamined Patent Publication No. 7-81,905. The oil phase was burned, and simultaneously the metallic 
Ions which existed in the water phase, were oxidized. Thus : a composite oxide powder was formed. 

20 [00701 The synthesis was carried out under the controlled state, in which the flow rate of the sprayed emulsion and 
he air amount (or oxygen amount) were controlled., so that the sprayed emulsion was combusted completely and the 
flame temperature was a fixed temperature falling in the range of from 650 to 800 -C. The resulting powder was 
collected by a bag filter which was disposed at the rear of the reactor tube. 

r0071] The thus collected powder was held in an electric furnace, and was subjected to a heat treatment, which was 
2S carried out in air at 4 levels, 800 900 °C, 1 .000 °C and 1 ,100 °C for 4 hours, respectively. The specific surface area 
of the composite oxide powder was measured before and after the heat treatment by the BET method, and was eval- 
uated on the variation of the specific surface area caused by the heat treatment. 



so 



40 



45 



Example No. 2 



[0072] The aluminum nitrate aqueous solution prepared in Example No. 1 and a 0.1 to 2 mol/L magnesium n.trate 
aqueous solution were mixed in predetermined amounts so that the molar ratio of the aluminum to the magnes.um 
was Al/Mo = 12/1 The magnesium nitrate aqueous solution was prepared by dissolving commerc.ally ava.lable mag- 
nesium nUrate (Mg(N0 3 ) 2 .6H 2 0) into deionized water. A water phase was thus prepared Except these, arrangements 
^cor^ite oxide powde'r wa's synthesized under the same conditions as those of Example No. 1. and was subjected 
to the heat treatment to evaluate the variation of the specific surlace area in the same manner as Example No. 1 . 

Reference Example 

[0073) A commercially available y- AfeOg powder-was subjected to the heat treatment to evaluate the variation of the 
SDecific surface area in the same manner as Example No. 1. .... . . „ 

r00741 Fig 1 illustrates the variations of the specific surface areas caused by the heat treatment, var.al.ons which 
were exhibrted by the composite oxide powders synthesized in Example No. 1 and Example No. 2 and by the alum.na 
powder of Reference Example. The lollowing are understood from the drawing. The alum.na powder of Reference 
Example exhibited a sharply reduced specific surface area when it was subjecied to the heat treatments of SOCC or 
mor" vSiHsl "the composite oxide powders of Example No. 1 and Example No. 2 exhibited stable heat resistance even 
when they were subjected to the heat treatment of 1 ,000 °C. 

T0075] However Example No. 1 did not vary the specific surface area when it was subjected to the heat treatments 
ud to 1 100 *C Whilst Example No. 2 exhibited the specific surface area which was equivalent to that of Example No. 

so ^ but exhibited a reduced specific surface area when it was subjected to the heat treatment of 1 , 1 00 *C. Accordingly, 
the crystalline phases of these powders were examined by the powder X-ray diffraction method. The composite ox.de 
oowder of Example No. 1 kept to be amorphous even after it was subjected to the heat treatments. Whilst, when the 
comoosite oxide powder of Example No. 2 was subjected to the heat treatment of 1 ,100 <>C, there arose crystalline 
phases, such as a spinel phase. Therefore, it is possible to report that, as the co-metallic element, barium is more 

55 preferable than magnesium. 
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Example No. 3 

IOQ761 Exceot thai ihe mixing ra.io of the aluminum nitrate aqueous solution to the barium nitrate aqueous solution 

and the crystalline structure were not varied up to 1,100 °C. 
Fxample No. 4 

" 100771- Except that the mixing ra.io o, the a.uminum "•^.«3^ rt ^J^^Sl'S2 SS^S 

ts area and the crystalline structure were not varied up to 1,100 °C. 
Example No. 5 



20 



25 



30 
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specific suriace area and the crystalline structure were not varied up to 1.1 0O C. 



Example No. 6 



.oar., ™. ^. «... - j- rr.=™r~— srrr:= 

Fxample No. 7 .. 

^!^n h2f. Pi concenlatTon of 4 616% by weight. A second mixture solution was thus prepared, 
solution had a pt concentration or "r a Kagaku Co., Ltd.) wasdissoh/ed tnto 

area of 48 m 2 /g. .. ^ . n 04003 • i 000 • 12.00 : 19 00 by elemental molar 

ro0831 The arrangement of Ihis catalyst was Pt : Ba . Al . O = 0.04903 . 1 .uuu y. 

ratio. Note that the content ol Pt was 1 .250% by weight. 
Fxample No. 6 

[O 084] 500 g ol a 0.72 moi/L aluminum nitrate aqueous solution was prepared. Then. 4.970 g ofa dinitrodiammine 
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20 



25 



platinum aqueous solution was added 10 the aluminum niuate aqueous solution, and was stirred to be homogeneous. 
The dinitrodiammine plaiinum aqueous solution had a Pt concentration of 4.616% by weight. A mixture solution was 

[OTB5] reP Whilst 17 64 g of an emulsilier ("SUN SOFT No. 81 8H" made by Taiyo Kagaku Co.. Ltd.) was dissolved into 
294 g of kerosene While stirring the mixture with a homogenizer at a revolving speed of 10 : 000 rpm, all of the mixture- 
solution was added to the mixture little by little. After all of the mixture solution was added, the mixture was kept to be 
stirred by the homogenizer for 10 minutes. A W/O type emulsion was thus prepared. According to the result of an 
observation using an optical microscope, the particle diameter of the dispersion particles in the W/O type emulsion fell 
in the range of from about 1 to 2 jam. 

[0086] The resulting W/O type emulsion was sprayed and burned in the same manner as Example No. 7. The resulting 
composite oxide powder was collected with a bag filter. This composite oxide powder was subjected to a heat treatment 
in airaX 800 °C for 3 hours. The resulting composite oxide powder was hollow, and exhibited a BET specific surface 

\Zb7] 6 The 2 2rangement of this catalyst was Pt : Al : O = 0.00553 : 2.000 : 3.000 by elemental molar ratio. Note that 
is the content of Pt was 1 .250% by weight. 

Example No. 9 

rooesi 500 g of a i 0 mol/L aluminum nitrate aqueous solution was prepared. Then, 1 .170 g of an Si0 2 powder and 
8 746 g of a tetraammine platinum aqueous solution was added to the aluminum nitrate aqueous solution, and was 
stirred to be homogeneous. The tetraammine platinum aqueous solution had a Pt concentration of 4,616% by weight. 
A mixture solution was thus prepared. Then, a W/O emulsion was prepared in the same manner as Example No 7 
and was sprayed and burned similarly. The collected powder was subjected to a heat treatment. The resulting catalyst 
powder was hollow, and exhibited a BET specific surtace area of 71 rrt/g. „ " m ^ , f . rtlQr ratirt 

[0089] The arrangement of this catalyst was Pt : Si : Al : O = 0.04305 : 1 .000 : 1 2.00 : 20.00 by elemental molar ratio. 
Note that the content of Pt was 1 .25% by weight. 

Example No. 10 

[0090] Except thai 100 g of a 0.3 mol/L nickel nitrate aqueous solution was used instead of 100 g of the 0.3 mol/L 
barium nitrate solution, and that 5.577 g of a dinitrodiammine platinum aqueous solution (the concentration of Pt was 
4 616% by weight) was used instead of 6.215 g of the dinitrodiammine platinum aqueous solution (Ihe concentration 
of Pt was 4.616% by weight), a catalyst was prepared in the same manner as Example No. 7. The resulting catalyst 
Dowder was hollow, and exhibited a BET specific surface area of 43 rrP/g. 

[uWi] The Arrangement of this catalyst was Pt : Ni : Al : O = 0.04399 : i .000 : 1 2.00 : 1 9.00 by elemental molar ratio. 
Note that the content ol Pt was 1.25% by weight. 

Example No. 11 

r0O921 Except that 100 g of a 0.3 mol/L titanium tetrachloride aqueous solution was used instead of 100 g of the 0.3 
mol/L barium nitrate solution, and that 4.594 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the 

4 616% by weight) was used instead of 6.215 g of the dinitrodiammine platinum aqueous solution (the concentration 
of Pt was 4.616% by weight), a catalyst was prepared in the same manner as Example No. 7. The resulting catalyst 
Dowder was hollow, and exhibited a BET specific surface area of 52 rr^/g. 

S5 The arrangement of this catalyst was Rh : Tl : Al : O = 0.04156 : 1 .000 : 12.00 : 20.00 by elemental molar, 
ratio. Note that the content of Rh was 0.672% by weight. 

Example No. 12 

f0O941 Except that 100 g of a 0.3 mol/L lanthanum nitrate aqueous solution was used instead of 100 g of the 0.3 
mol/L barium nitrate solution, and that 5.146 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the concentration of Rh was 
3 025% by weight) was used instead of 6.215 g of the dinitrodiammine platinum aqueous solution (the concentration 
of R was 4.616% by weight), a catalyst was prepared in the same manner as Example No. 7. The result.ng catalyst 
powder was hollow, and exhibited a BET specific surface area of 39 m2/g. # . . 

pSS The arrangement of this catalyst was Rh : La : Al : O = 0.05060 : 1 .000 : 12.00 : 1 9.50 by elemental molar 
ratio. Note that the content of Rh was 0.672% by weight. 
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Example No. 13 

[0096] Except that 1 00 o of a 0.3 mol/L MoCI 5 aqueous solution was used instead of 100 g ot the 0.3 mol/L barium 
nitrate solution and that 3.869 o of a palladium nitrate aqueous solution (the concentration of Pd was 4% by weight) 
was used instead of 6 215 g of the dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.616% 
by weight), a catalyst was prepared in the same manner as Example No. 7. The resulting catalyst powder was hollow, 
and exhibited a BET specific surface area of 30 m 2 /g. 

[O097] The arrangement of this catalyst was Pd : Mo : Al : O = 0.04849 : 1.000 12.00 : 20.50 by elemental molar 
ratio. Note that the content of Pd was 0.672% by weight. 



Example No. 14 



[0098] Except that 100 g of a 0.3 mol/L cobalt nitrate aqueous solution was used instead of 100 g of the 0.3 mol/L 
barium nitrate solution, and that 3.432 g of a dinitrodiammine platinum aqueous solution (the concentration of P1 was 
75 4 616% by weight) and 1.045 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the concentration of Rh was 3.025% by 
weiohO were used instead of 6.215 g of the dinitrodiammine platinum aqueous solution (the concentration of Pt was 
4.616% by weight), a catalyst was prepared in the same manner as Example No. 7. The resulting catalyst powder was 

hollow, and exhibited a BET specific surface area of 30 rnP/g. ^ „ ^ 

[0099] rearrangement ot this catalyst was Pt : Rh : Co : Al : O = 0.02707 : 0.01028 . 1 .000 : \^O:j9.0O by 
elemental molar ratio. Note that the content of Pt was 0.769% by weight and the content of Rh was 0.154% by weight. 



Example No." IS 

[O10O] Except thaMOO gert'aO.aimoM. iron (III) nitrate aqueous solution was used instead of TOO g of the 0.3 rnol/ 
25 L barium nitrate solution, and that 3.41 6 g of a dinitrodiammine platinum aqueous solution (the concentration ol f Pf was 
4 616% by weight) and 1.041 g of an Rh(N0 3 ) 3 • 2H a O aqueous solution (the concentration of Rh was 3.025 ^ by 
weiaht) were used instead of 6.215 g of the dinitrodiammine platinum aqueous solution (the concentration of Pt was 
4.616% by weight), a catalyst was prepared in the same manner as Example No. 7. The resulting catalyst powder was 
hollow and exhibited a BET specific surface area of 35 rr^/g. 
3 o S£J The arrangement of this catalyst was Pt : Rh : Fe : Al : O = 0.02695 : 0.01023 : 1.000 : 12.00: 19.00 by 
elemental molar ratio. Note that the content of Pt was 0.769% by weight and the content of Rh was 0.154% by weight. 

Example No. 16 

roi021 : Except that 80 g of a 0.3- mol/L barium nitrate aqueous solution and 20 g of 0.3 mol/L. lanthanum nitrate 
aqueous solution were used instead of 100 g ot the 0.3 mol/L barium nitrate solution, and that 6.231 g of a dinitrodi- 
ammine platinum aqueous solution (the concentration of Pt was 4.616% by weight) was used mstead of 6.21 5 g of the 
platinum aqueous solution (the concentration ot Pt was 4.616% by weight), a catalyst was prepared 
fn the same manner as Example No. 7. The resulting catalyst powder was hollow, and exhibited a BET specific surface 

40 r«Sj "h'earrangementof.hiscata.yst wasPl : BaTl-a :' Al :O = 0.04915 :0.800 :0.200 : 12.00 : 19.10by element 
molar ratio. Note thai the content of Pt was 1 .25% by weight. 

Example No. 17 

roi04l 100 a of a 0 3 mol/L barium nitrate aqueous solution and 500 g of 0.72 mol/L aluminum nitrate aqueous 
solution were stirred to be homogeneous. A mixture solution was thus prepared. Then, a W/O emulsion was prepared 
oy usingmfe mixture solution in the same manner as Example No. 7, and was sprayedand burned to collect a composite 
oxide oowder This composite oxide powder exhibited a specific surface area of 44 rrP/g. 

so SSTSI composite oxide powder was subjected to a heat treatment in air at 800 -C for 3 hours and was subse- 
Quent y subjected to a further heat treatment in air at 1 ,000-C for 5 hours. Then, 120 g of2-propanol which had been 
dehydrated in advance. 20 g of the thus heat-treated powder, and 5.416 g of a dinitrodiammme platinum aqueous 
eoMton (the concentration of Pt was 4.616% by weight) were admixed, and were stirred for 2 hours Jhereafter. the 
mixVurT was filtered, and the resulting cake was washed with 2-propanol. The caKe was dned at 1 20 -C for 24 hours, 

ss and was subjected to a heat treatment in air at 500 »C for an hour. Thus, a catalyst ot this example was prepared. The 
r n «uitino catalvst oowder was hollow, and exhibited a BET specific surface area of 42 rrP/Q. 

O1061 The arrangement of this catalyst was as follows: Pt was loaded in an amount of 1.25% by weight on the 
catalyst support whose composition was Ba : Al : O = 1.000 : 12.00 : 19.00 by elemental molar ratio. 
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Example No. 18 

[0107] Except that 1 00 g ot a 0.3 mol/L litanium tetrachloride aqueous solution was used instead ot 100 g of the 0.3 
mol/L barium nitrate solulion. and that 4.428 g of an Rh(NO s ) 3 • 2H 2 0 aqueous solution (the concentration ot Rh was 
3.035% by weight) was used instead ot 5.416 g of the dinitrodiammine platinum aqueous solution (the concentration 
of Pt was 4.616% by weight), a catalyst was prepared in the same manner as Example No. 17. The resulting catalyst 
powder was hollow, and exhibited a BET specific surface area of 56 m 2 /g. 

[0108] The arrangement o1 this catalyst was as follows: Rh was loaded in an amount of 0.672% by weight on the 
catalyst support whose composition was Ti : Al : O = 1.000 : 12.00 : 20.00 by elemental molar ratio. 

Example No. 19 

[0109] Except that 3.332 g of a dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.616% by 
weight) and 1.015 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the concentration of Rh was 3.035% by weight) were 
is used instead of 5.416 g of the dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.616% by 
weight), a catalyst was prepared in the same manner as Example No. 17. The resulting catalyst powder was hollow, 
and exhibited a BET specific surface area of 50 m 2 /g. 

[0110] The arrangement of this catalyst was as follows: Pt was loaded in an amount of 0.769% by weight on the 
catalyst support whose composition was Ba : Al : O = 1 .000 : 1 2.00 : 1 9.00 by elemental molar ratio; and Rh was loaded 
20 in an amount of 0.154% by weight thereon. 

Example No. 20 

[0111] Except that 80 g of a 0.3 mol/L barium nitrate aqueous solution and 20 g of a 0.3 mol/L lanthanum nitrate 
25 aqueous solution were used instead of 100 g ofthe 0.3 mol/L barium nitrate solution, and that 3.332 g of a dinitrodi- 
ammine platinum aqueous solution (the concentration of Pt was 4.616% by weight) and 1.015 g ot an Rh(N0 3 ) 3 • 2H 2 0 
aqueous solution (the concentration of Rh was 3.035% by weight) were used instead of 5.416 g of the dinitrodiammine 
platinum aqueous solution (the concentration of Pt was 4.61 6% by weight), a catalyst was prepared in the same manner 
as Example No. 17. The resulting catalyst powder was hollow, and exhibited a BET specific surface area of 43 m2/g. 
30 [0112] The arrangement of this catalyst was as follows: Pt was loaded in an amount of 0.769% by weight on the 
catalyst support whose composition was Ba : La : Af : O = 0.800 : 0.20O : 12.00 : 19.10 by elemental molar ratio; and 
Rh was loaded in an amount of 0.154% by weight thereon. 

Comparative Example No. 1 

35 

[0113] 50 g of a 7 ~AI 2 O a powder was added to 13.54 g of a dinitrodiammine platinum aqueous solution (the concen- 
tration of Pt was 4.61 6% by weight). Note that the 7 -Al 2 0 3 powder exhibited a BET specific surface area of 1 80 m 2 / 
g. While stirring, the mixture was heated on a hot plate to evaporate the water content. The dehydrated product was 
dried at 120 °C for 24 hours, and was thereafter calcined in air at 500 °C for an hour. Thus, a catalyst of Comparative 
40 Example No. 1 was prepared. In this catalyst, Pt was loaded in an amount of 1.250% by weight on 7 -A^O^ 

Comparative Example No. 2 

[0114] Except the following arrangements, a catalyst ot Comparative Example No. 2 was prepared in the same 
45 manner as Comparative Example No. 1 . Namely, 9.857 g of a dinitrodiammine platinum aqueous solution (the con- 
centration ot Pt was 4.616% by weight) and 2.965 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the concentration of Rh 
was 3.035% by weight) were added to 200 g of deionized water. 50 g of a 7 -Al 2 0 3 powder was further added to the 
mixture. Note that the 7 -Al 2 0 3 powder exhibited a BET specific surface area of 180 m 2 /g. While stirring, the mixture 
was heated on a hot plate to evaporate the water content. In this catalyst, Pt was loaded in an amount of 0.910% by 
so weight on 7 -Al 2 0 3 , and Rh was loaded in an amount of 0.180% by weight thereon. 

Comparative Example No. 3 

[0115] Except the following arrangements, a catalyst of Comparative Example No. 3 was prepared in the same 
ss manner as Comparative Example No. 1 . Namely, 10.87 g of an Rh(NO) 3 ) 3 • 2H 2 0 aqueous solution (the concentration 
of Rh was 3.035% by weight) was added to 200 g of deionized water. 50 g of a 7 -A^C^ powder was further added to 
the mixture. Note that the 7 -A^O^j powder exhibited a BET specific surface area of 1 80 rr^/g. While stirring, the mixture 
was heated on a hot plate to evaporate the water content. In this catalyst, Rh was loaded in an amount of 0.660% by 
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weight on -y -AI 2 O s . 
Comparative Example No. 4 

s r0116l Except ihe lollowing arrangements, a catalyst ol Comparative Example No. 4 was prepared in the same 
manner as Comparative Example No. 1. Namely, 8.525 g ol a palladium nilrale aqueous solution (ihe concentrat.cn 
ol Pd was 4 000% by weight) was added to 200 g ol deionized water. 50 g of a y -Al 2 0 3 powder was further added to 
the mixture Note that the y -AfeCv, powder exhibited a BET specific surface area of 1 80 rrf/g. While stirrmg the mixture 
was heated on a hot plate to evaporate the water conient. In this catalyst, Pd was loaded in an amount of 0.680 /., by 

to weight on y -Al 2 0 3 . 

Comparative Example No. 5 

1011 71 1 6 93 9 ofa dinitrbdiammine platinum aqueous solution (the concentration of Pt was 4.61 6% by weight) was 
added to 200 g of deionized water. 50 g of a y -Al 2 0 3 powder and 12.53 g of BaO powder were further added to the 
mixture. Note Lt the y -Al 2 0 3 powder exhibited a BET specific surface area of 180 m*/g . WN.e stirnng M». 
was heated on a hoi plate lo evaporate the waier conient. The dehydrated product was dr.ed at 120 C for 24 hours, 
and was thereafter calcined in air al 500 'C for an hour. Thus, a catalyst of Comparative Example No. 5 was prepared. 
The arrangemeni of this catalyst was as follows. Pi was loaded in an amount of 1.250% by weighl on the catalyst 
so support whose Al to Ba ratio was 6 (i.e.. Al/Ba = 6) by elemental molar ratio. 

- - ; • * 

Comparative Example No. 6 

1 01 1 n" 1 2 52 g of an Rh(N0 3 ) 3 ♦ 2H 2 b aqueous solution (the concent>atf67Ton3Fwas 3.035%'by weight) was-added 
25 o 200 g of deionized water. 50 g of a y - AI 2 O a powder and 6.528 g of a TiO,, powder were further added to the mDrture^ 
Nole that the y -AI 2 O a powder exhibited a BET specific surface area of 1 80 m2/g. While stirr.ng. the mixture was heated 
on a hot plate to evaporate the water content. The dehydrated product was dried at 120 »C for 24 hours, and was 
thereafter calcined in air at 500 'C for an hour. Thus, a catalyst of Comparative Example No. 6 was prepared. The 
arrangement of this catalyst was as lollows: Rh was loaded in an amount of 0.672% by weight on the catalyst support 
30 whose Al lo Ti ralio was 6 (i.e.. Al/Ti = 6) by elemental molar ratio. 

Comparative Fxamole No. 7 

101 1 91 9 309 g of a dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.61 6% by weight) and 
3 s 2 835 g of an Rh(N0 3 ) 3 • 2H a O aqueous solution-(the concentration of Rh was 3 035% by weight) were added to 200 
gof deionized water. 50 g of y-AI 2 0 3 powder and 5.8717 g of an FeO powder were further added to the ^"^No.e 
that the y -Al 2 0 3 powder exhibited a BET specific surface area of 180 rrfVg. While st.rr.ng, the mixture was heated on 
a hot pUe to evaporate the water content. The dehydrated product was dried at 1 20 'Cfor 24 hours and was thereafter 
calcined in air at 5O0 'C for an hour. Thus, a catalyst of Comparative Example No. 7 was prepared. The arrangement 
ao of this catatysl was as follows: Pd-was loaded in an amount of 0.769% by weight on the catalyst support whose Al to 
Fe ralio was 6 (Le. At/Fe = 6) by elemental molar ratio; and Rh was loaded in an amount of 0.154% by weight thereon. 

Comparativ e Fxamole No. 8 

roi201 16 98 q of a dinitrodiammine platinum aqueous solution (the concentration of Pi was 4.616% by weight) was 
added to 200 g of deionized water. 50 g of a y- Al 2 0 3 powder,l0.03 g of a BaO powder and 2.663 g of an La^ powder 
were further added to the mixture. Note that the y -Al 2 0 3 powder exhibited a BET specific surface area of 180 m*g 
While stirring the mixture was heated on a hot plate to evaporate the water content. The dehydrated product was dr.ed 
at 1 20 "C for 24 hours, and was thereafter calcined in air at 500 °C for an hour. Thus, a catalyst of Comparative Example 
No 8 was prepared. The arrangemeni of this catalyst was as follows. Pt was loaded in an amount of 1 .250% by we.ght . 
on the^talyst support whose Al to the sum of Ba and La ratio was 6 (i.e., AI/(Ba: 0.8 - La: 0.2) = 6) by elemental 
molar ratio. . . ^ 

Evaluation and Examination 

55 roi 211 The catalysts of Example Nos. 7 through 20 and the catalysts ot Comparative Example Nos. 1 through 8 were 
nressurized by an ordinary-temperature static-hydraulic-pressure press (CIP). and were thereafter pulverized. They 
were formed as a pellet shape of from 1 .0 to 1 .7 mm in diameter The respective pellet-shaped catalysts were disposed 
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in an atmospheric flow type durability, testing apparatus, and were subjected to a durability process. In the durability 
process, a rich model gas whose air-fuel raiio (A/F) was 14 and a lean model gas whose A/F was 16 were flowed 
alternately tor every other 1 minute at a caiatyst-inlet lemperature of 1 .000 °C for 5 hours. 

[0122] After being subjected lo the durability process, the respective pellet-shaped catalysts were weighed by 2.0 
5 g, and were disposed in an atmospheric flow type reactor. While flowing a model gas which was equivalent to a stoi- 
chiometric A/F at a flow rate of 5 L/min., the temperature of the model gas was increased from room temperature to 
500 °C at a rate of 20 °C/min. 

[0123) During the temperature increment, the respective catalysts were examined for the HC conversion and the 
NO conversion substantially continuously, thereby determining the temperatures at which HC and NO were purified 
io by 50%. The results are set forth in Table 1 . 
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r 0 1 24] It is understood Irom Table 1 that, when thecatalysts whose loading amounts ol the noble metals were identical 
are compared with each other, the contents of Table 2 are appreciated. 
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Purifying Performance after Durability Process 


Ex. No. 7 
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Comp. Ex. No. 5 


Ex. No. 8 
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Comp. Ex. No. 1 


Ex. Nos. 9 & 10 
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Comp. Ex. Nos. 1 & 5 


Ex. Nos. 11 & 12 
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Comp. Ex. Nos. 3 & 6 


Ex. No. 13 


> 


Comp. Ex. No. 4 


Ex. Nos. 14 & 15 


> 


Comp. Ex. No. 7 


Ex. No. 16 


> 


Comp. Ex. No. 8 



[0125] Namely, when the catalysts whose loading amounts of the noble metals were identical, the catalysts of ex- 
amples were superior to those of comparative examples in the purifying perlormance after the durability process. This 
advantage apparently resulted from the composite oxide powders which were produced by spraying and burning the 

W/O emulsions. _ _ 

[0126] Moreover, it is understood from Table 1 that the catalysts are evaluated as set forth in Table 3. 

TABLE 3 



20 


Purifying Performance after Durability Process 




Ex. No. 17 
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Comp. Ex. No. 5 




Ex. No. 18 
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-Comp. Ex. No. 6 




Ex. No. 19 


> 


Comp. Ex. Nos. 2 & 7 
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Ex. No. 20 


> 


Comp. Ex. No. 7 



30 



[01 27] Namely when the catalysts whose compositions were the same or substantially the same and whose loading 
amounts of the noble metals were identical are compared with each other, the catalysts of examples were superior to 
those of comparative examples in the purifying performance after the durability process. This advantage apparently 
resulted from the composite oxide powders which were produced by spraying and burning the W/O emulsions. 
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Example No. 21 

[0128] 2 95 g of barium nitrate was dissolved into 2,000 g ol deionized water. Then, 12.5 g of a dinitrodiammine 
platinum aqueous solution (the concentration of Pt was 4.00% by weight), 67.7 g of Mg(N0 3 ) 2 • 6H 2 0 and 199.0 g pi 
AI(NO0 3 • 9H 2 0 were further added and dissolved into the. deionized water. A mixture solution was thus prepared. 
[0129] Whilst, 80 g of an emulsifier ('SUN SOFT No. 81BH" made by Taiyo Kagaku Co., Ltd.) was added to 1,066 g 
of kerosene While stirring the mixture with a homogenizer at a revolving speed of 1 0,000 rpm, all of the mixture solution 
was added to the mixture little by little^ After all ol the mixture, solution was added, themixture was kept to be stirred 
by the homogenizer for 10 minutes. A W/O type emulsion was thus prepared. According to the. result of an observation 
using an optical microscope, the particle diameter of the dispersion particles in the W/O type emulsion tell in the range 
of from about 1 to 2 um. 

[01 30] The resulting W/O type emulsion was sprayed and burned in the same manner as Example No. 1 The resulting 
composite oxide powder was collected with a bag filter. This composite oxide powder was subjected to a heat treatment 
in air at 800 °C for 3 hours, thereby making a catalyst of this example. The resulting catalyst powder was hollow, and 
exhibited a BET specific surface area of 69 m2/g. 

[0131] The arrangement of this catalyst was Pt : Ba : Mg: Al : O = 0.009664 : 0.04252 : 0.9961 : 2.000 : 4.058 by 
elemental molar ratio. Note that the content of Pt was 1 .250% by weight. 

Example No. 22 

T01 32] Except thai 6.59 g of an Rh(NOa) 3 • 2H 2 0 aqueous solution (the concentration of Rh was 4.00% by weight) 
was used instead of 12.5 g of the dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.00% by 
weight), a catalyst of Example No. 22 was prepared in the same manner as Example No. 21. The resulting catalyst 

powder was hollow, and exhibited a BET specific surlace area of 65 m2/g. 

pSS] ™L arrangement of. this catalyst was Rh : Ba : Mg : Al : O = 0.009664 : 0.04252 : 0.9961: 2.000 : 4.058 by 
elemental molar ratio. Note that the content of Rh was 0.65% by weight. 
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Example No. 23 

[01 34] Except that 6.82 g ol a Pd(N0 3 ) 2 aqueous solution (the concentration of Pd was 4.00% by weight) was used 
instead ol 12.5 g ol the dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.00% by weight), a 
5 catalyst o1 Example No. 23 was prepared in the same manner as Example No. 21. The resulting catalyst powder was 
hollow, and exhibited a BET specific surface area of 59 m 2 /g, 

[01 35] The arrangement of this catalyst was Pd : Ba : Mg : Al : O =, 0.009664 : 0.04252 0.9961 : 2.000 : 4.058 by 
elemental molar ratio. Note that the content of Pd was 0.69% by weight. 

io Example No. 24 

[01 36) Except the following mixture solution was prepared, a catalyst of Example No. 24 was prepared in the same 
manner as Example No. 21 . For instance, 29.8 g of strontium nitrate was dissolved into 600 g of deionized water. Then. 
12 5 g of a dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.00% by weight). 42.4 g of Mg 
75 (N0 3 ) 2 • 6H 2 0 and 133.6 g ol AI(N0 3 ) 3 • 9H 2 0 were further added and dissolved into the deionized water. A mixture 
solution was thus prepared. The resulting catalyst powder was hollow, and exhibited a BET specific surlace area of 
64 m 2 /g. 

[01 37] The arrangement of this catalyst was Pt : Sr : Mg : Al : O = 0.01439 : 0.7917 : 0.9280 : 2.000 : 4.749 by ele- 
mental molar ratio. Note that the content of Pt was 1 .25% by weight. 



20 



Example No. 25 



[01 38] Except the following mixlure solution was prepared, a catalyst of Example No. 25 was prepared in the same 
manner as Example No. 21. For instance. 10.2 g of barium riitratewas dissolved intoeOO-g-of-deioni zed water. Then. 
1 2 5 g of a dinitrodiammine platinum aqueous solution (the concentration of Pt was 4.00% by weight). 2. 37 g of strontium 
nitrate and 180.1 g of AI(N0 3 ) 3 • 9H 2 0 were further added and dissolved into the deionized water. A mixture solution 
was thus prepared. The resulting catalyst powder was hollow, and exhibited a BET specific surface area of 56 m2/g. 
[0139] The arrangement of this catalyst was Pt : Ba : Sr : Al : O = 0.06365 : 0.9745 : 0.2801 : 12.00 : 19.38 by ele- 
mental molar ratio. Note that the content of Pt was 1 .25% by weight. 



Example No. 26 



[0140] 23 9 g of barium nitrate was dissolved into 3.000 g of deionized water. Then, 12.5 g of a dinitrodiammine 
platinum aqueous solution (the concentration of Pt was 4.00% by weight) and 187.9 g of AI(N0 3 ) 3 • 9H s O were further 

35 added and dissolved into the deionized water. A mixture solution was thus prepared. 

[0141] Whilst, 120 g of an emulsifier ("SUN SOFT No. 81 BH' made by Taiyo Kagaku Co.. Ltd.) was dissolved into 
1 600 g of kerosene. While stirring the mixlure with a homogenizer at a revolving speed of 1 0,000 rpm, all of the mixture 
solution was added to the mixture little by little. After all of the mixture solution was added, the mixlure was kept to be 
stirred by the homogenizer for 10 minutes. A W/O type emulsion was thus prepared. The resulting W/O type emulsion 

ao . was sprayed and burned in the same manner as Example No. L and a catalyst ol Example No 26 was prepared 
similarly The resulting catalyst powder was hollow, and exhibited a BET specific surface area of 48 m2/g. 
[0142) The arrangement of this catalyst was Pt : Ba : Al : O = 0.02379 1.095 : 6.000 : 10 14 by elemental molar 
ratio. Note that the content ol Pt was 1 .250% by weight. 

45 Example No. 27 

[0143] 90.1 g of Mg(N0 3 ) 2 • 6H 2 0 was dissolved into 3,000 g ol deionized water. Then. 263.7 g of AI(NO a ) 3 • 9H z O 

was further added and dissolved into the deionized water. A mixture solution was thus prepared. 

[0144] Subsequently. 120 g of an emulsifier ("SUN SOFT No. 81 8H" made by Taiyo Kagaku Co., Ltd.) was dissolved 

so into 1 600 g of kerosene. While stirring the mixture with a homogenizer at a revolving speed of 10.000 rpm. all of the 
mixture solution was added to the mixture little by little. After all of the mixture solution was added, the mixture was 
kept to be stirred by the homogenizer for 10 minutes. A W/O type emulsion was thus prepared. The resulting W/O type 
emulsion was sprayed and burned in the same manner as Example No. 1 , and calcined similarly to prepare a composite 
oxide powder. This composite oxide powder exhibited a BET specific surface area of 34 rrvVg. 

55 [0145] Whilst, 75 g ol 2-propanol and 25 g of 2-methoxymethanol were mixed. Into this mixture solvent. 0.756 g of 
Pt(C 5 H702) 2 and 1.964 g of Ba(OC 3 H 7 ) 2 were charged, and were stirred under reflux for 4 hours. Thus, an alkoxide 

• solution was prepared. ^. 
[0146] Moreover, 75 g of 2-propanol and 25 g of 2-methoxymethanol were mixed. Into this mixture solvent, the afore- 
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mentioned composite oxide powder was added in an amount ot 26.39 g, and was stirred. Then, the mixture was healed 

-SZXX^ZXZZZ epoxide solution was heated to 70 -C. and was added to the afocemen 
£ned dispersion wh ch was held at 70°C. The mixture was stirred at 70 °C under reflux lor 3 hours. Thereafter. 0 21 
o oTderonized water was added to the mixture. The mixture was further refluxed at 70 -C for 3 hours, thereby carrying 
ou^hySS aging. The resuiting suspension was degreased with an aspirator at 100 -C and was further 
degreasadfn a 9 nitrogen gas flow a, 300 'C. Then, the resulting product was aged in a,r a. 500 »C for 3 hours^ Thus^ 
fcata^st orexample No 27 was prepared. The resulting catalyst powder was hollow, and exhib.ted a BET spec.flc 

Te aringtmen, of this cata.ys, was as follows: the structure whose compos.tion was R : Ba : O = 0^00963. : 
0 03653 • 0 0578 by molar ratio was loaded on the catalyst support whose composite was Mg . Al . O = 1 .000 2.000. 
4.000 by molar ratio. Note that the loading amount of Pt was 1 .25% by weight. 

Example No. 28 

101491 8 51 g of barium nitrate was dissolved into 3.000 g ol deionized water. Then. 75.13 g ol MgfNO^ • 6H 2 0 
Lnd 244.3 g of Sn0 3 ) 3 • 9H 2 Q were further added and dissofved into the deionized water. A mixture solut.on was 

ISl50r P |u e bsequent.y. 120 g ot an emulsifier ("SUN SOFT No. 818H" made by Taiyo Kagaku Co.. Ltd.) was °^ s °' ve * 
*o n.J m soc )a of kerosene While stirring the mixture with a homogenizer al a revolving speed of 1 0.000 rpm all of the 
Sure soS ZlTaZlZ to .he mixture little by litfle. After al. of the mbcture solution was added, the mixture was 
£Tt tc be s* red by the homogenizer tor 10 minutes. A W/O type emuision was thus prepared. The resutt.ng W/O type 
emu si- S and burned in the same manner as Examp.e No. 1 . and ca.cined simi.ar,y to prepare a compos„e 
oS powder This composite oxide powder exhibited a BET specific surface area ot 32 m*/g 
2S K TsU Whi let 75 g of 2-propanol and 25 g of 2-methoxymethano. were mixed. Into th,s mixture sclent. 0.765 got 
Rlcli^Tand 1 963 g of bW were charged, and were stirred under reflux for 4 hours. Thus, an alkox.de 

foisS" Moreover r 75 g ot 2-propano. and 25 g of 2-me.hoxymethanol were mixed, .nto this mixture solvent, the afore 
Sned composite oxide powder was added in an amount of 28.36 g. and was stirred. Then, the mocture was heated 

30 lo^^e^ alkoxide solution was heated to 70 »C. and was added -he axemen 

[0153] buosequeri y mixture was stirred at 70 °C under reflux lor 3 hours. Thereafter. 0.21 

3S Powder was houow. and exhibited a BET specific 

SSST arrangement of this catafys, was as follows: .he structure whose composition was Pt ^Ba : O = 0.01 040 . 
[Oit>«j i ne dnoi y ^ ^ Q i a ix,ci ^..nnnrt whose composition was Ba : Mg Al . O = 0.100. 



40 



so 



ss 



0°04160 S I! "tic ^ Tioaded o; , h ; catalyst support whose composition was Ba : Mg 
- liil . 2:000 4.000 by molar ratio. Note that the loading amount of Pt was 1 .25% by we.ght 



Fxample No. 29 

rm ssi 7 1 2 o ot strontium nitrate was dissolved into 3.000 g ot deionized water. Then, 77.65 g of Mg(NO ? )2 • 6H a O 
< S Lnd 252.4 g o? mS 3 9H 2 0 were further added and disserved into the deionized water. A nocture so.u„on was 

roiser^uSequenfly 120 g of an emulsifier (*SUN SOFT No. 818H- made by Taiyo Kagaku Co.. Ltd.) was dissolved 
Ec ■ f 60 fool kerosene While stirring the mixture with a homogenizer al a revolving speed of 10.000 rpm^a.l ol the 
into 1.600 goi Ker ®= e " B . mixture little bv little After all of the mixture solution was added, the mature was 

T ^•SSS'SiS t£^z^\o Z«ls. A W/O type emulsion was thus prepared. The resu.ting W/O type 
em' Spr 1^ buTned in the same manner as Examp.e No. 1 . and ca.cined sim^rly to prepare a composite 

i^ e ^ r* 09 :ox 9 d°e 

Kc 5 H 7 oX and 1 582 g of Sr(OC 3 H 7 ) 2 were charged, and were stirred under reflux for 4 hours. Thus, an alkox.de 

S2T Mo^ove^ 9 of 2-propano. and 25 g of 2-methoxymethano. were mixed, .nto this mixture sotvent, the afore- 
rSned compose ox^de powder was added in an amount ot 28.77 g. and was stirred. Then, the mocture was heated 
to 70 D C. Thus, a dispersion was prepared. 
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[0159] Subsequently, the aioiementioned alkoxide solution was heated to 70 °C, and was added to the aforemen- 
tioned dispersion which was held at 70 °C. The mixture was stirred al 70 °C under reflux for 3 hours. Thereafter, 0.21 
g of deionized water was added to the mixture. The mixture was further refluxed at 70 °C tor 3 hours, thereby carrying 
out hydrolyzing and aging. The resulting suspension was decreased with an aspirator at 100 °C, and was further 
degreased in a nitrogen gas flow at 300 °C. Then, the resulting product was aged in air at 500 °C for 3 hours. Thus/ 
a catalyst of Example No. 29 was prepared. The resulting catalyst powder was hollow, and exhibited a BET specific 

surface area of 33 m 2 /g. nnnno _ 
[0160] The arrangement of this catalyst was as follows: the structure whose composition was Ir : Sr . O = 0.00992/ : 
0.03971 : 0.05956 by molar ratio was loaded on the catalyst support whose composition was Sr : Mg : Al : O = 0. 100 : 
0^900 : 2^000 : 4.000 by molar ratio. Note that the loading amount of Ir was 1 .23% by weight. 

Comparative Example No. 9 

[0161] 50 g of a v -Al 2 0 3 powder was added to 1 3.1 3 g of a dinitrodiammine platinum aqueous solution (the concen- 
tration of Pt was 4 00% by weight). Note that the 7 -Al 2 0 3 powder exhibited a BET specific surface area of 180 m*/g. 
While stirring the mixture was heated on a hot plate toevaporate the water content. The dehydrated product was dried 
at 1 20 °C for 24 hours, and was thereafter calcined in air at 500 °C for an hour. Thus, a catalyst of Comparative Example 
No. 9 was prepared. In this catalyst, Pi was loaded in an amount of 1.25% by weighl on 7 -Al 2 0 3 . 

20 Comparative Example No. 10 

[0162] Except the following arrangements, a catalyst of Comparative Example No. TO was prepared in the same 
manner as Comparative Example No. 9. Namely. 11.32 g of a dinitrodiammine platinum aqueous solution (the concen- 
tration o1 Pt was 4.00% by weight) and 3.02 g of an Rh(N0 3 ) 3 • 2H 2 0 aqueous solution (the concentration of Rh was 
zs 3 00% by weight) were added to 200 g of deionized water. 49.5 g of a Y -Al 2 0 3 powder was further added to the mixture. 
Note that the 7 -Al 2 0 3 powder exhibited a BET specific surface area of 180 m?/g. While stirring, the mixture was heated 
on a hot plate to evaporate the water content. In this catalyst. Pt was loaded in an amount of 0.91% by weight on y 
-Al 2 0 3 , and Rh was loaded in an amount of 0.18% by weight thereon. 

30 Comparative Example No. 11 

[0163] Except the following arrangements, a catalyst of Comparative Example No. 11 was prepared in the same 
manner as Comparative Example No. 9. Namely, 10.99 g of an Rh(N0 3 ) 3 • 2H s O aqueous solution (the concentration 
of Rh was 3 00% by weight) was added to 200 g of deionized water. 49.7 g of a y -Al 2 0 3 powder was further added to 
35 the mixture. Note that the Y -Al 2 0 3 powder exhibited a BET specific surface area of 1 80 m?/g. While stirring, the mixture 
was heated on a hot plate to evaporate the water content. In this catalyst, Rh was loaded in an amount of 0.66 /o by 
weight on y -Al 2 0 3 . 

Comparative Example No. 12 

40 T0164] ExcepUhe following arrangements, a catalyst of Comparative Example No. 12 was prepared in the same 
manner as Comparative Example No. 9. Namely. 8.525 g of palladium nitrate aqueous solution (the concentration of 
Pd was 4 00% by weight) was added to 200 g of deionized water. 49.7 g of a y -Al 2 0 3 powder was further added to 
the mixture Note that the 7-AI 2 0 3 powder exhibited a BET specific surlace area of 180 nrrVg. While stirring, the mixture 

as was heated on a hot plate to evaporate the water content. In this catalyst. Pd was loaded in an amount of 0.68% by 
weight on 7 -Al 2 0 3 . 

Comparative Example No. 13 

so T0165] Except the following arrangements, a catalyst of Comparative Example No. 13 was prepared in the same 
manner as Comparative Example No. .9. Namely, 1 .069 g of iridium tetrachloride was added to 200 g of deionized 
water 49 4 g of a y -Al 2 0 3 powder was further added to the mixture. Note that the y -Al 2 03 powder exhibited a BET 
specific surface area of 180 m2/g: While stirring, the mixture was heated on a hot plate to evaporate the water content. 
In this catalyst. Ir was loaded in an amount of 1 .23% by weight on 7 -A^C^. 

Comparative Examp le No. 14 

[0166] 0.756 g of P1(C 5 H 7 0 2 ) 2 . 2.161 g of Ba(OC 3 H 7 ) 2 . 28.23 g of Mg(OC 3 H 7 ) 2 and 81.25 g of Al(OC 3 H 7 ) 3 were 
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charged into 1 000 g of 2-propanol. The mixture was stirred under retlux at 70 °C lor 1 hour. Thus, an alkoxide solution 
was prepared. To this alkoxide solution, 1 4.5 g of deionized water was added. The alkoxide solution was further refluxed 
at 70 °C lor 3 hours, thereoy carrying out hydrolyzing and aging. 

[0167] The resulting gel was decreased with an aspirator at 100 °C, and was lurther degreased in a nitrogen gas 
flow at 300 °C Then, the resulting product was aged in air at 500 °C for 3 hours. Thus, a catalysl of Comparative 
Example No. 14 was prepared. The arrangement of this catalyst was as follows: the composition was Pt : Ba : Mg : 
Al : O = 0.009664 : 0.04252 : 0.9961 : 2.000: 4.058 by molar ratio; and the loading amount of Pt was 1 .25% by weight. 

Comparative Example No. 15 

r0168] 1 040 g of Pt(C 5 H 7 0 2 ) 2 , 31.11 g ol Ba(OC 3 H 7 ) 2 . and 136.3 g ol AI(OC 3 H 7 ) 3 were charged into 1,000 g of 
2-propanol The mixture was stirred under reflux at 70 °C for 1 hour. Thus, an alkoxide solution was prepared. To this 
alkoxide solution, 1 4.5 g of deionized water was added. The alkoxide solution was further refluxed at 70 *C for 3 hours, 
thereby carrying out hydrolyzing and aging. o nHrAnon flac 

r01691 The resulting gel was degreased with an aspirator al 100 °C, and was further degreased in a nitrogen gas 
flow at 300 °C Then, the resulting product was aged in air at 500 °C for 3 hours. Thus, a catalyst of Comparative 
Example No 15 was prepared. The arrangement of this catalyst was as follows: the composition was Pt : Ba : Al : O 
= 0.02379 : 1.095 : 6.000 : 10.14 by molar ratio; and the loading amount of Pt was 1 .25% by weight. 

Comparative Example No. 16 

[0170] 0.9409 g of lr(C 5 H 7 0 2 ) 2 , 5.566 g of Sr(OC 3 H 7 ) 2 . 24.83 g of Mg(OC 3 H 7>2 and 7909 g of AI(OC 3 H 7 ) 3 were 
charged into 1,000 g of 2-propanoL The mixture was stirred under reflux at 70 "C for 1 hour. Thus, an alkoxide solut.on 
was'prepared. To this alkoxide solution, 1 4.1 g of deionized water was added. The alkoxide solution was further refluxed 
at 70 °C for 3 hours, thereby carrying out hydrolyzing and aging. 

F01711 The resulting gel was degreased with an aspirator at 100 °C, and was further degreased in a nitrogen gas 
flow at 300 °C. Then, the resulting product was aged in air at 500 °C for 3 hours. Thus, a catalyst of Comparative 
Example No 16 was prepared. The arrangement of this catalyst was as follows: the composition was Ir : Sr : Mg : Al 
O = 0.009927 : 0.13971: 0.900 : 2.000 : 4.0596 by molar ratio; and the loading amount of Ir was 1.23% by weight. 

Evaluation and Examination 

fOI 721 The catalysts of Example Nos. 21 through 29 and the catalysis of Comparative Example Nos. 1 0 through 16 
were pressurized by an ordinary-temperature static-hydraulic-pressure press (CIP), and were thereafter pulverized 
Thev were formed as a pellet shape of from 1.0 to 1.7 mm in diameter. The respective pellet-shaped catalysts were 
disposed in an atmospheric flow type durability testing apparatus, and were subjected to a durability process. In the 
durability process, a rich model gas whose air.fuel ratio (A/F) was 14 and a lean model gas whose A/F was 16 were 
flowed alternately for every other 1 minute at a catalyst -inlet temperature of 1 ,000 °C for 5 hours. 
T01731 After being subjected to the durability process, the respective pellet -shaped catalysts were weighed by 2.0 
q and were disposed in an atmospheric flow type reactor. While flowing a model gas-which was equivalent to a stoi- 
chiometric A/F at a flow rate of 5 L/min., the temperature of the model gas was increased from room temperature to 

500 °C at a rate of 20 °C/min. 

[01741 During the temperature increment, the respective catalysts were examined for the HC conversion and the 
NO conversion substantially continuously thereby determining the temperatures at which HC and NO were purified 
by 50%. The results are set forth in Table 4. 
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[0175] H is understood from Table 4 thai, when the catalysts whose noble metals were the same and whose and 
loading amounts of the noble metals were identical are compared with each other, the contents of Table 5 are appre- 
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TABLE 5 



Purifying Performance after Durability Process 


Ex. 


NO. 21, 24, 25, 26, 27 & 28 


> 


Comp. Ex. No. 9 


Ex. 


No. 22 


> 


Comp. Ex. No. 11 


Ex. 


No. 23 


> 


Comp. Ex. No. 12 


Ex. 


No. 29 


> 


Comp. Ex. No. 13 



[0176] Namely the catalysts of examples were superior to those of comparative examples in the purifying perform- 
ance after the durability process. This advantage apparently resulted from the composite oxide powders wh.ch were 
produced by spraying and burning the W/O emulsions. 

[0177] Moreover, it is understood from Table 4 that the catalysts are evaluated as set forth in Table 6. 

TABLE 6 



Purifying Performance after Durability Process 


Ex. No. 21 


> 


Comp. Ex. No. 14 


Ex. No. 26 


> 


Comp. Ex. No. 15 


Ex. No. 29 


> 


Comp. Ex. No. 16 



[0178] Namely when the catalysts whose compositions were the same are compared with each other, the catalysts 
of examples were superior to those of comparative examples in the purifying performance after the durability process. 
This advantage apparently resulted from the following arrangements: whilst the catalysts of comparative examples 
were solid the catalysts of examples were hollow to exhibit large specific surface areas; and the catalysts of examples 
employed the composite oxide powders which were produced by spraying and burning the W/O emulsions. 
[0179] Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without departing from the spirit or scope of the present invention as 
set forth herein including the appended claims. ^^.^h 
T01SO] A catalyst support, a catalyst using the catalyst support and a process for producing the same are disclosed. 
For instance the catalyst support includes a composite oxide powder produced by spraying and burning a W/O type 
emulsion the W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous solution 
containing aluminum as a major component and at least one co-metallic element in addition to the aluminum. Thus, 
the catalyst support can be produced less expensively without using any expensive alkoxide. Further, due to the spray- 
ina and burning the composite oxide powder is composed of porous hollow particles which have a very thin shell 
thickness of dozens of nanometers, and makes the catalyst support which is amorphous and exhibits a large specific 
' "surface area Hence, the catalyst support can maintain the large specific surface area even after a high-temperature 
durability test Furthermore, the composite oxide powder includes the co-metallic element which is composited .n such 
a highly dispersed manner that the agglomerated sulfates are less likely to be produced. Therefore, the catalyst support 
is inhibited from being poisoned by sulfur. 



Claims 



so 



ss 



A catalyst support, comprising: 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a 
major component and at least one co-metallic element in addition to the aluminum. 

The catalyst support according to claim 1, wherein said co-metallic element is at least one member selected from 
the group consisting of alkaline-earth metals and rare-earth elements. 

The catalyst support according to claim 1, wherein said co-metallic element is a metallic element other than mag- 
nesium. 
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4. The catalyst support according to claim 1 . wherein said composite oxide powder is hollow. 

5. The catalyst support according to claim 1 . wherein said composite oxide powder has an outside particle diameter 
of from 20 to 5,000 nm. 

5 

6. The catalyst support according to claim 1 , wherein said composite oxide powder is amorphous. 

7. A catalyst, comprising: . 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
10 including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum as a 

major component and a noble metal element. 

8. The catalyst according to claim 7, wherein said composite oxide powder is hollow. 

75 9. The catalyst according to claim 7, wherein said composite oxide powder has an outside particle diameter of from 
20 to 5,000 nm. 

10. The catalyst according to claim 7, wherein said composite oxide powder is amorphous. 

20 11. A catalyst, comprising: . 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
including an aqueous solution dispersed in an organic solvent, the aqueous'solution containing aluminum as a 
major component, at least one co-metallic element selected from the group consisting of elements of group lla in 
the periodic table of the elementsTelements of group llla.thereinTerements- of group IVathereinrelements of group 

2S Va therein, elements of group Via therein, elements of group Vila therein, elements of group lib therein, Ga. Si, 

Ge and Sn, and a noble metal element. 

12. The catalyst according to claim 11 , wherein said composite oxide powder is hollow. 

so 1 3. The catalyst according to claim 11 , wherein said composite oxide powder has an outside particle diameter of from 
20 to 5.000 nm. 

14. The catalyst according to claim 11 , wherein said composite oxide powder is amorphous. 
35 15. A catalyst, comprising: 

a catalyst support including: 

a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
A0 including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum 

as a major component and at least one co-metallic element selected from the group consisting of elements 
of group lla in the periodic table of the elements, elements of group Ilia therein, elements of group l\fc 
therein, elements of group Va therein, elements of group Via therein, elements of group Vila therein, 
elements of group lib therein, Ga, Si, Ge and Sn; and 



<?5 



a noble metal loaded on the catalyst support. 

16. The catalyst according to claim 1 5, wherein said composite oxide powder is hollow. 

so 17. The catalyst according to claim 15, wherein said composite oxide powder has an outside particle diameter of from 
20 to 5,000 nm. 

18. The catalyst according to claim 15, wherein said composite oxide powder is amorphous. - 

55 19. A catalyst, comprising: 

a catalyst support including: 
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70 



75 



a composite oxide powder produced by spraying and burning a W/O type emulsion, the W/O type emulsion 
including an aqueous solution dispersed in an organic solvent, the aqueous solution containing aluminum 
as a major component and at least one co-melallic element in addition to the aluminum; and 

a structure, loaded on said catalyst support, in which a noble metal is loaded on at least one member selected 
from the group consisting of strontium oxide and barium oxide. 

20. The catalyst according to claim 19, wherein said co-metallic element is at least one member selected from the 
group of alkaline-earth metals. 

21. The catalyst according to claim 1 9, wherein said composite oxide powder is hollow. 

22. The catalyst according to claim 1 9. wherein said composite oxide powder has an outside particle diameter of from 
20 to 5,000 nm. 

23. The catalyst support according to claim 19, wherein said composite oxide powder is amorphous. 

24. A process for producing a catalyst support, comprising the steps of: 

so preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous 

solution containing aluminum as a major component and at least one co^-metallic element in addition to the 
aluminum; and 

. spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 

25 25. The process according to claim 24, wherein said co-metallic element is at least one member selected from the 
group consisting of alkaline-earth metals and rare-earth elements. 

26. The process according to claim 24, wherein said co-metallic element is a metallic element other than magnesium. 
30 27. The process according to claim 24, wherein said composite oxide powder is amorphous. 

28. A process for producing a catalyst, comprising the steps of: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous 
35 solution containing aluminum as a major component and a noble metal element; and 

spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 

29. The process according to claim 28, wherein said composite oxide powder is amorphous. 
40 30. A process for producing a catalyst, comprising the steps of: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous 
solution containing aluminum as a major component, at least one co-metallic element selected from the group 
consisting of elements of group I la in the periodic table of the elements, elements of group Ilia therein, elements 
45 ot g ro up iva therein, elements of group Va therein, elements of group Via therein, elements of group Vila 

therein, elements of group lib therein, Ga, Si, Ge and Sn, and a noble metal element, and 
spraying and burning the W/O type emulsion, thereby forming a composite oxide powder. 



so 



31. The process according to claim 30, wherein said composite oxide powder is amorphous. 

32. A process for producing a catalyst, comprising the steps of: 



preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous 
solution containing aluminum as a major component and at least one co-metallic element selected from the 
55 group consisting of elements of group lla in the periodic table of the elements, elements of group Ilia therein, 

elements of group I Va therein, elements of group Va therein, elements of group Via therein, elements of group 
Vila therein, elements of group lib therein, Ga. Si, Ge and Sn; 

spraying and burning the W/O type emulsion, thereby forming a composite oxide powder; and 
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loading a noble metal on the composite oxide powder. 

33. The process according lo claim 32, wherein said composite oxide powder is amorphous. 

5 34. A process for producing a catalyst, comprising the steps ot: 

preparing a W/O type emulsion including an aqueous solution dispersed in an organic solvent, the aqueous 
solution containing aluminum as a major component and at least one co-metallic element in addition to the 
aluminum; 

w spraying and burning the W/O type emulsion, thereby forming a composite oxide powder; 

preparing a structure in which a noble metal is loaded on at least one member selected from the group con- 
sisting of strontium oxide and barium oxide; and 
loading the structure on the composite oxide powder. 

is 35. The process according to claim 34, wherein said co-metallic element is at least one member selected from the 
group consisting ot alkaline-earth metals. 

36. The process according to claim 34, wherein said composite oxide powder is amorphous. 
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